The aim of the present study was to evaluate the demographics, clinical characteristics, fatal dose, the efficacy of treatments, and prognosis in paraquat (PQ) poisoning in the Kerman Province of Iran. Methods: This analytical cross-sectional study was conducted on 126 PQ poisoned patients who were referred to Afzalipour Hospital during 2006-2015. Demographic variables such as age and gender, signs and symptoms of poisoning, the estimated ingested dosage of PQ, and clinical outcome were extracted from medical records. Patients were compared and categorized into two groups considering the outcome: survivors and nonsurvivors. Patients with nonoral exposures, combined drug exposures, PQ exposures more than 24 h before the presentation, and critical underlying diseases were not included in the study. Findings: Our results indicated that the mean dose of PQ used by all patients was 2358 mg, which was reported as 1846 and 2812 mg in females and males, respectively. Moreover, the results showed that the highest mortality rate was in patients with respiratory distress, followed by oral ulceration and excess salivation. In all PQ-poisoned patients, the dose of greater than approximately 2250 mg predicted death with 86.2% specificity and 75.7% sensitivity. Conclusion: Based on the results of the present study, the mortality rate in PQ-poisoned patients depended on the dose of poison, blood sugar level, and aspartate transaminase levels. Our results suggest that these parameters have excellent prognostic value for the prediction of mortality. Oghabian, et al.: Clinical features and prognosis in paraquat poisoning
Introduction
P araquat (PQ) is a contact herbicide used to control a range of narrow or broadleaf plants and mostly used in weed growth control. [1] This chemical is highly toxic for humans and most animals [2, 3] with poisoning mostly by accidental ingestion. [4] Poisoning, however, may also occur through other routes, including contact with skin or mucosae. [5] PQ is rapidly but incompletely absorbed and thereafter excreted in urine within 12-24 h. It has a severe effect on the lungs and in high doses may also damage other important organs such as the heart, kidneys, liver, adrenal glands, central nervous system, muscles, and spleen, causing multiple failures. [1, 2] PQ selectively accumulates in the lungs resulting in severe oxidative injury and death of membrane epithelial cells due to the production of oxygen-free radicals; in other tissues, it may cause necrosis. PQ toxicity is more prevalent among those who use herbicides for suicide. [6] To the best of our knowledge, there have been only a few studies on PQ poisoning in Iran. Sabzghabaee et al. [7] indicated 29 PQ poisonings in a 5-year period (2002) (2003) (2004) (2005) (2006) in Isfahan with a 55.2% mortality rate. The exact number of deaths due to PQ poisoning in Iran is, however, unclear. Delirrad et al. [8] reported PQ poisoning during a period of 7 years (2007-2013) in Urmia with a 46.4% mortality rate which is less than that reported in some other studies. [6, 9] Recently, Kavousi-Gharbi et al. [10] evaluated 104 cases of PQ poisoning, with a mortality rate of 43%. In many developing countries, in which the rules and regulations governing the sale and use of PQ are not strict, PQ intoxication is difficult to prevent. [11] PQ has also been banned in Germany since 2007. In Iran, PQ has been marketed as a 20% aqueous solution of dichloride salt (Gramoxone, Imperial Chemical Industries). [8] The people in the Kerman Province of Iran, however, usually dilute this product to a 2% solution. Three degrees of severity of PQ poisoning may occur: mild poisoning that initially leads to gastritis, inflammation of the mouth, and gastrointestinal upset but with eventual complete remission; moderate-to-severe poisoning, which usually results in acute renal failure and in severe cases leads to acute hepatitis, pneumonia, and pulmonary fibrosis, which often leads to death after 2-3 weeks; and acute severe poisoning with multiple organ failure and collapse of the cardiovascular system leading to death within a week. [8, 12, 13] Some of the treatment approaches developed for PQ poisoning include administration of adsorbents, hypo-oxygenation, radiation therapy of the lungs, long-term detoxification, and lung transplantation. [5, 9] The efficacy of these treatments, however, remains uncertain. Initial treatment for PQ poisoning includes prevention of further absorption of the poison and reduction of the amount of PQ in the blood by the use of hemodialysis. [14, 15] Lee et al. [16] found that the route of PQ administration and dosage are the main prognostic factors. They found that with PQ doses above 50 mg/kg, patients died of circulatory failure within 72 h; doses between 35 and 50 mg/kg resulted in progressive pulmonary fibrosis. Therefore, our study aimed to assess the demographic and clinical characteristics, fatal dose, efficacy of treatments, and symptoms for predicting the medical outcomes in PQ poisoning in the Kerman Province of Iran from 2006 to 2015.
Methods

Study design and setting
The population of this cross-sectional retrospective study included 126 PQ-poisoned patients from Jiroft and Kahnooj, the main agricultural regions in Kerman Province. These people were referred between 2006 and 2015 to Afzalipour Hospital, the main toxicology center in the southeast of Iran. The study was approved by the Kerman University of Medical Sciences Ethics Committee (IR.KMU.REC.1395.835). All methods were performed in accordance with the relevant guidelines and regulations. After explaining the study objectives, responsibilities of participants and researchers, data collecting, and confidentially of data, written and informed consent was obtained from participants or their family.
Participants
In the study period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , patients with PQ poisoning were included based on the history of taking green liquid PQ (according to the patient's statement or closest relatives), clinical findings and physical examination (oral ulcers and vesicles and chemical damage of the gastrointestinal tract on endoscopy), and sodium dithionite urine test. The sodium dithionite test is based on the decline of PQ by sodium dithionite under alkaline circumstances. The implications are classified as grades 1-4: black (+4), deep blue (+3), light blue (+2), and hardly identifiable blue (+1): a "navy blue" or "dark blue" color demonstrating notable PQ poisoning. [17] Patients who met any of the following criteria were not included in the study: combined drug exposures, discharge against medical advice, transferred to another hospital, PQ exposures >24 h previous to the presentation, and critical underlying diseases such as malignancy, heart, lung, renal, or liver diseases. The flowchart of patients' enrollment throughout the study is illustrated in Figure 1 .
Most of the patients initially underwent gastric decontamination by lavage, adsorbent charcoal administration, intravenous fluid therapy for diuresis, and hemodialysis in the local hospital and after that were referred to our center. As PQ has no specific antidote, all patients subsequently received medication variably as follows: daily hemodialysis, antifibrosis and anti-inflammatory attempts with methylprednisolone succinate 15 mg/kg daily intravenous infusion after hemodialysis for three times, followed by intravenous dexamethasone 8 mg/ three times a day for 1 week, cyclophosphamide 15 mg/kg daily intravenous infusion after hemodialysis for three times, and mercaptoethanesulfonate 15 mg/kg daily continuous intravenous infusion after cyclophosphamide to prevent cyclophosphamide side effects such as hemorrhagic cystitis. In addition, antioxidant therapy with Vitamin C 1500 mg/intravenous infusion twice a day (q12 h) was given for 1 week, as well as Vitamin E 2 international units (IUs)/kg intramuscularly three times a day (q8 h) for 1 week, and N-acetylcysteine 150 mg/kg/daily continuous intravenous infusion for 1 week. Oxygen administration was avoided until the patient showed persistent hypoxemia. In 23 cases, phlebotomy was applied for hypo-oxygenation as well as the conventional therapy as mentioned above. After acquiring patients' approval, 500 ml of blood was removed daily and replaced by 500 ml of normal saline until hemoglobin concentration dropped below 9 mg/dl. All patients underwent endoscopic examination within 24 h of admission to the poisoning ward to determine the severity of gastrointestinal involvement and confirmation of PQ poisoning. These procedures were done without any complication or mortality (n = 0) even in cases of severe poisoning.
Data sources
Demographic variables such as age and gender, signs and symptoms of poisoning, the estimated ingested dosage of PQ, and clinical outcome were extracted from medical records. Patients were compared and categorized into two groups considering the outcome: survivors and nonsurvivors.
Statistical analysis
Statistical analysis was performed using SPSS software (version 22, IBM Corp, Chicago, USA) and R 3.3.1 with the pROC package (Insightful company, USA). Descriptive analysis was reported as frequency and percentage. The independent t-test was used to determine significance between the two groups (survival and nonsurvival) for continuous variables that were normally distributed, and the Chi-square test was used to compare the clinical characteristics of patients between the two groups. Sensitivity and specificity and the best cutoff on the dose of PQ for predicting mortality were calculated using the ROC curve. A level >5% was considered significant.
Results
Among 198 patients, only 126 were included in the present study. Of these 126 people exposed to PQ, 63 (50%) were male, 64 (50.8%) were married, 2 (1.2%) had a history of previous attempted suicide, 3 (4.2%) had mental disorders, 61 (48.4%) had committed intentional self-poisoning, and 61 (48.4%) developed unintentional poisoning (consisting of accidental and occupational poisoning), mainly by ingestion. The mean age of all patients was 22.5 years (23 years in females and 22 years in males). The mean dose of PQ consumed by all patients was 2358 mg, with doses significantly higher in males (2812 mg) than in females (1846 mg) (P = 0.045). Of the 126 patients, 81 (63.6%) survived. In all PQ-poisoned patients, the dose of >2250 mg predicted death with 86.2% specificity and 75.7% sensitivity.
The majority of patients who received treatment survived. The frequencies of patients who survived and those who died were homogeneous in different treatments without any statistically significant difference. Respiratory distress, drooling, and abnormal lung sounds were significantly more frequent in fatal cases than in those who survived. The differences in other symptoms were not statistically significant between survivors and nonsurvivors [ Table 1 ]. The frequency distribution of different treatments based on the outcomes illustrated that the most deaths occurred in people receiving methylprednisolone (n = 36), Vitamins E (n = 34), and Vitamin C (n = 34), with those who received phlebotomy comprising the lowest number of patients who survived (n = 14). The frequency distribution of different symptoms based on the observed outcomes illustrated that the highest number of deaths occurred in people presenting with respiratory distress (n = 41), followed by those with oral ulceration (n = 38) and those with excess salivation (n = 37). In addition, people with duodenal involvement had the lowest number of deaths (n = 0), followed by those with gastric involvement (n = 1). Thirty of the survivors (71.4%) received five of the different treatments, 20 (60.6%) received four treatments, and 12 (75%) received three treatments. Eight (61.5%), 3 (37.5%), and 8 (61.5%) of the survivors received six, two, and one treatment, respectively [ Figure 2 ].
There were significant differences between the surviving and nonsurviving groups according to the dose of poison, white blood cell count, blood sugar (BS) level, serum aspartate transaminase (AST), serum alanine transaminase (ALT), and creatinine (Cr) levels [ Table 2 ]. The median doses of poison for survival and nonsurvival were 1500 (300-1500) and 3000 (2000-5000) mg, respectively (P < 0.001). As Table 2 Table 3 ]. The Hosmer-Lemeshow goodness-of-fit was derived as insignificant (χ 2 = 8.27, df = 8, P = 0.41). Therefore, the null hypothesis of the model's fitting the data well is not rejected. Cox and Snell R-squared was derived 
Discussion
Acute PQ poisoning is considered as an important health issue in many developing countries due to the lack of specific antidote and effective treatment and the high rate of associated mortality. [18] In the present study, the mortality rate was 36.7% (in 126 patients). Zhou et al. [19] reported that 51.98% of the people they studied died within 1 month. The rates of mortality in Wu et al., [20] Banday et al., [21] Goudarzi et al., [22] and Waikhom et al. [23] studies were 52%, 70%, 73.6%, and 91.7%, respectively. Conversely, Kim et al. [18] reported a lower PQ mortality rate of 9.7% in 2009-2010 and 6.5% in 2012-2013. The severity of PQ intoxication, different approaches to treatment, the difference in capacity levels of hospitals, and the amount of PQ ingested would be considered contributing factors to differing results of poison-related deaths. It has also been seen that many PQ-poisoned patients died even at low PQ concentrations, whereas others with similar levels survived. [24, 25] The high rate of mortality due to PQ poisoning is related to its intrinsic toxicity. The ingested dose and quick access to health care, however, are two factors that affect the prognosis of PQ poisoning. [22] Half of the patients in the present study were male, and in other studies, males ranged between 55% and 70%. [7, 8, 10, 26] In Delirrad et al. study, the majority of the patients were male, with a male: female ratio of 1.28. [8] The mean age of the PQ-poisoned patients in our study was 22.5 years. Similarly, other studies reported the incidence of this poisoning in the youth who comprise the community's most active and reproductive population. [8, 10] The consequences of these people's deaths can be adverse for their families and the community, necessitating investigation of possible predisposing causes. Of the participants of the current study, 48.4% committed intentional self-poisoning. Delirrad et al. [8] reported that 89.7% of patients with poisoning were suicide related; the corresponding suicide figures in Amiri et al. [26] and Sabzghabaee et al. [7] studies were 76.9% and 100%, respectively. Overall, suicidal poisoning is much more severe than accidental poisoning due to the consumption of higher doses of poison. [1] The prevalence of PQ poisoning is most likely due to its easy access in Kerman. Conversely, some countries (e.g., France) have forbidden the sale and use of PQ due to its toxic properties. The economic implication of not using these pesticides in Iran's largest province will result in lower crop yields, thus influencing their widespread use by farmers. Over the past four decades, this province has depended on agricultural revenues as its primary source for economic growth. In addition to being the world's largest producer of pistachios, this region is most prominently known in Iran for its citrus, date palm, vegetables, walnuts, and varieties of grain crops. [27] Subsequently, numerous types of pesticides are utilized due to this wide assortment, as well as the fact that Kerman simply is a vast region of agricultural production. Our study showed that the highest rate of mortality occurred in people presenting with respiratory distress. Consistently, Goudarzi et al. [22] reported that respiratory distress was one of the most potent predictors of death. In addition, Agrawal et al., [28] Lee et al., [16] and Sandhu et al. [29] reported respiratory distress to be a main cause of death. Banday et al. [21] reported hypoxemia secondary to pulmonary fibrosis to be the main cause of death in patients with PQ poisoning. Zhou et al. [19] demonstrated that the partial pressure of CO 2 in arterial blood (PaCO 2 ) was significantly lower in fatal cases. Irrespective of its route of absorption, lesions due to PQ are seen mainly in the lungs. Lung is the only organ in which the poison is further accumulated in a time-dependent manner, leading to damage to alveolar epithelial cells, hemorrhage, and edema. [1, 22, 30, 31] Lung injury in early stages presents as respiratory distress and later undergoes fibrosis. [22] The dose of consumed PQ was significantly higher in the nonsurvivors than in the survivors. The primary outcomes of PQ poisoning depend on the consumed dose of this poison. Delirrad et al., [8] Sabzghabaee et al., [7] Zhou et al., [19] and Goudarzi et al. [22] also considered the amount of consumed PQ to be a predictor of mortality. Kavousi-Gharbi et al. [10] study showed, based on poison consumption rate and ROC curve, that the best cutoff point was calculated at 22.5 ml or higher for the 20% solution. Amiri et al. [26] reported the cutoff point of the undiluted poison for death to be 22 ml. Delirrad's study [8] showed, however, that doses of <25 ml were associated with acceptable prognosis. It is noted that PQ used in Iran is in a solution of 20%; however, in the Kerman Province of Iran, from where the participants of the current study originated, it is usually diluted by the people to 2%. Hence, the increased volumes were used. Surprisingly, in our study, the mean cutoff point of the poison for death was a dose of 2250 mg. This may have been due to various early treatments and treatment combinations that were used in the management of our poisoned patients.
According to the current study, increasing the number of different treatment approaches has a positive effect on the prognosis. The primary approaches to the treatment of PQ poisoning are based on the rapid early removal of the poison from the gastrointestinal tract (prevention of absorption), increased release and excretion of toxin from the blood (diuresis), and prevention of lung injury using anti-inflammatory and antioxidant agents. [1] Li et al. [32] reviewed three clinical trials including 164 participants. All three studies compared routine treatments (induction of vomiting, dosing of activated charcoal, and blood purification) with standard treatments alongside glucocorticoids and cyclophosphamide for patients with PQ poisoning. The findings demonstrated that mortality rate decreased by 28% in patients under combination treatment compared to those undergoing routine treatments alone. Consistently, He et al. [33] meta-analysis on efficacy and safety of pulse immunosuppressive therapy with glucocorticoid and cyclophosphamide reported promising findings. In Wu et al. [20] study on 1811 PQ-poisoned people under treatment with hemoperfusion, the three-drug (cyclophosphamide, methylprednisolone, and dexamethasone) treatment was added to the treatment of 42.2% of the patients. That study showed that the combination treatment was associated with the highest survival rate (48%, P = 0.001). Lin et al. [34, 35] studies also reported that this combination treatment led to enhanced survival rate. [34, 35] These combination treatments involve several mechanisms to treat the patients, including anti-inflammatory, antioxidant, and decrease in lipid peroxidation. [5, 30] It is noteworthy mentioning that none of the therapeutic agents can be used for the patients in case of gastrointestinal bleeding. [36] Multiple logistic regression analysis showed that the mortality rates in PQ-poisoned patients depended on dose of poison, BS, and AST, so that these parameters have significantly increased the prediction of mortality rates of poisoned peoples (P < 0.05), which is consistent with the findings of Liu et al. [37] Moreover, our results clearly showed that nonsurvivors had significantly higher activities of AST and BS counts. Our results suggest that BS and AST have excellent prognostic value for the prediction of mortality and may play a significant role in evaluating the severity of acute PQ poisoning. The findings by Huang et al. [38] showed that by multiple logistic regression analysis, the APACHE II score and peak data of BS at 24 h after admission were capable of predicting inhospital mortality in acute PQ poisoning. Liu et al. [39] also illustrated that the dose of poison and arterial blood lactate was more sensitive in predicting the mortality risk of PQ poisoning. However, in the same study, Zhou et al. [19] stated that neutrophil-lymphocyte ratio (NLR), leukocyte, and neutrophil counts might be useful and simple parameters in predicting the prognosis of PQ poisoning.
In our study, the data were collected from a single tertiary center. Thus, our findings may not be accurately generalized to all settings. Moreover, no data were available concerning the outcomes after hospital discharge, and specifically, death occurring after discharge may have been missed. We retrospectively reviewed medical records for patients with acute PQ poisoning, and incomplete documentation in the medical records may cause unmeasured systematic biases, so individuals with incomplete medical files were excluded. However, the value of this finding was limited, as the volume of poison consumed could only be obtained from the history given by the patients or their relatives, and serum PQ concentration was not available in our clinical setting. To improve the predictive accuracy, larger data sets, novel biomarkers, more sophisticated modeling methods, and enhanced data collection methods are suggested in the future.
According to the findings of the current study, the effects of PQ poisoning primarily depended on the consumed dose, early medical interventions, and subsequent combinations of treatment approaches. The fatal dose (mg) in PQ-poisoned patients was >2250 mg of a 2% dilution of the marketed 20% solution. In addition, the highest number of deaths occurred in people presenting with respiratory distress, despite various treatments. The findings of this study may provide more reliable information for physicians to allow them a more informed perspective on the severity of PQ poisoning and to predict the patients' prognosis more appropriately.
In addition, therapeutic guidelines are essential. Finally, ongoing reviews should be consulted, and meta-analyses should be conducted to gain further information on this poisoning, and further clinical trials should be conducted on different available and new or novel treatments.
